role in energy ratio of pi and sigma orbital in base, singlet, and triplet states. In addition, properties of singlet and triplet Carbenes can be examined in terms of electrons and spatial characteristics. Theoretical studies by E. Vessally et al and M.Z. Kassaee et al show that changing substituent plays a key role in reactivity and activity of carbenes in base state [12] [13] [14] [15] [16] . Research has indicated that type of solvent or substituent (electron donor/acceptor) influence energy level and stability of carbenes. This can be easily verified by examining perturbation orbital diagram. In fact, ó-electron-withdrawing substituents inductively stabilize the nonbonding orbital by increasing its S character. This increases Ã-pð gap, leading to formation of singlet state. In contrast, ó-electron-donating substituents induce a small ó-pð gap which favors the triplet state.
In cases of substituent change, mesomeric effects may influence stability of carbenes [12] [13] [14] [15] [16] . Electron-donating substituent increase chemical activity of these compounds and a substituent with lone electron pair adds to this effect. When ó orbital is not stabilized it has almost no charge, leading to increased ó-pð gap [14] [15] [16] [17] . Solvent type is also effective in energy level for singlet and triplet C 5 H 4 . Different behaviors observed in singlet and triplet states can be attributed to protic or aprotic properties as well as solvent behavior in interaction with C 5 H 4 . The present study attempts to explore the effects on solvent type as well as changes in Chemical potential, Chemical hardness, Electrophilicity, and HOMO-LUMO gap.
Electrophilicity was first defined and examined by Parr et al 18 . This factor was successfully employed in explaining many systems and describing reactions through organic methods. In some reactions, this factor is regarded as a key player in reaction efficiency for Diels-Alder reactions. Electrophilicity stems from electron structure and is independent of interventions by nuclei. Domingo et al studied relationship between electron effects of substituents, electrophilicity, and Hammett constant for ethylene [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Electrophilicity, largest amount of charge transferred by electrons, chemical hardness, and chemical potential were calculated using Equations (1) to (6) , where I denotes ionization potential and A is electron affinity. 36 . To calculate solvation energies, a popular continuum model of solvation, the conductor-like polarizable continuum model (CPCM) have been used 37 . For this purpose "scrf=(cpcm,solvent= solvent name)" key-word used indicates that additional basis functions are to be added to the basis set specified in the route section. Value of energetic parameters are self consistent field calculation used closedshell (RB3LYP) for the singlet state and unrestricted open-shell (UB3LYP) for the triplet state 38 . All calculations were conducted using GAUSSIAN 98W program package 39 . However, obtained parameters are calculated in gas phase condition, 298 K temperature and 1 atm pressure.
RESULTS AND DISCUSSION
We first obtained the optimized gaseous structure for C 5 H 4 and identified its energetic parameters (Fig 1) . Then, the results were compared to optimum parameters for the same structure in other solvents.
Energetic property
Energy levels in C 5 H 4 were identified in the presence of different solvents. For this purpose, thermal energy, enthalpy, and Gibbs free energy were calculated. Since these parameters in Fig. 2, 3 and Table 4 ). Tables 1, 2, and 3 
Dipole moment indices

HOMO and LUMO parameters
The HOMO or LUMO levels can be used to determine such parameters as Chemical hardness, Chemical potential, Electrophilicity, and max amount of electronic charge transfer (λ max ), which can, in turn, be used to identify or predict chemical properties. We employed quantum mechanics and DFT methods to examine effects of 
Chemical hardness
Chemical hardness values show that singlet C 5 H 4 in Cyclohexane has the largest Fig. 4 and 5). This can be due to adverse effects of aqueous solvent compared to gaseous solvents
Maximum amount of electronic charge
As mentioned earlier, the largest electron charge received by a system can be calculated using λ max . The results indicate the largest "N max for 
CONCLUSION
Quantum mechanics computations using B3LYP/6-311G (d, p) were carried out for singlet and triplet C 5 H 4 through CPCM. The findings can be summarized as follows:
Examination of parameters revealed that energy levels and dipole moment for singlet and triplet Carbenes vary depending on type of solvent and its protic or aprotic properties. Solvent ability in engaging to structure of the compound can influence energy levels as well as HOMO or LUMO levels. Aqueous solvent reduces energy level while increasing dipole moment. The opposite effect was observed for gaseous solvent. Investigation of HOMO or LUMO levels showed that each solvent has different impacts on this parameter, resulting in different values for Chemical potential, Chemical hardness, Electrophilicity, and l max . For singlet state, the largest and smallest Electrophilicities were observed for water and Cyclohexane, respectively while in triplet state, the lowest level of Electrophilicity was found for aqueous solvent and the highest level was observed for gaseous solvent.
